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We investigate the influence of the magnetic field of the Experimental storage ring (ESR) at GSI
on the periodic time–dependence of the orbital K–shell electron capture decay (EC) rates of the
H–like heavy ions. We approximate the magnetic field of the ESR by a uniform magnetic field.
Unlike the assertion by Lambiase et al., arXiv: 0811.2302 [nucl–th], we show that a motion of the
H–like heavy ion in a uniform magnetic field cannot be the origin of the periodic time–dependence
of the EC–decay rates of the H–like heavy ions.
PACS: 23.40.Bw, 33.15.Pw, 13.15.+g, 14.60.Pq
INTRODUCTION
Recently Litvinov et al. [1] have observed that
the K–shell electron capture (EC) decay rates of
H–like 140Pr58+ and 142Pm60+ ions
140Pr58+ → 140Ce58+ + νe,
142Pm60+ → 142Nd60+ + νe (1)
ha e an unexpected periodic time modulation of
exponential decay curves. The rates of the number
NECd of daughter ions
140Ce58+ and 142Nd60+
dNECd (t)
dt
= λEC(t)Nm(t), (2)
where Nm(t) is the number of the H–like mother
ions 140Pr58+ or 142Pm60+ [1] and λ
(H)
EC(t) is the
EC–decay rate, are periodic functions, caused by
a periodic time–dependence of the EC–decay rates
λEC(t) = λEC (1 + a
EC
d cos(ωECt+ φEC)) (3)
with periods TEC = 2π/ωEC = 7.06(8) s and
TEC = 2π/ωEC = 7.11(22) s for the EC–decays
of 140Pr58+ or 142Pm60+, respectively, amplitudes
aECd ≃ 0.20 and phases φEC . Below such a periodic
time–dependence we call the “GSI oscillations”.
Recently [2]–[4] the decay rate of the EC–decay
122I52+ → 122Te52++νe with a period of the time–
modulation TEC = 6.11(3) s has been observed.
As has been pointed out in [2]–[4], the periods of
the time–modulation of the H–like heavy ions obey
the A-scaling: TEC = A/20 s, where A is a mass
number of the mother H–like heavy ions.
In the articles [5] (see also [6, 7]) we have
proposed an explanation of the periodic time–
dependence of the EC–decay rates as an interfer-
ence of two neutrino mass–eigenstates ν1 and ν2
with masses m1 and m2, respectively. The period
TEC of the time–dependence has been related to
the difference ∆m221 = m
2
2 − m21 of the squared
neutrino masses m2 and m1 as follows
ωEC =
2π
TEC
=
∆m221
2γMm
, (4)
where γMm is the energy of the H–like mother
ion with mass Mm in the ESR and γ = 1.43 is
a Lorentz factor [1]. In a subsequent analysis we
also showed that the β+–branches of the decaying
H–like heavy ions do not show time modulation,
because of the broad continuous energy spectrum
of the neutrinos [5]. This agrees well with the ex-
perimental data [2]–[4].
According to the atomic quantum beat exper-
iments and theory [8, 9], the interpretation of
the “GSI oscillations”, proposed in [5]–[7], bears
similarity with quantum beats of atomic transi-
tions, when an excited atomic eigenstate decays
into a coherent state of two (or several) lower ly-
ing atomic eigenstates. In the case of the EC–
decay one deals with a transition from the initial
state |m〉 to the final state |d νe〉, where the elec-
tron neutrino is a coherent superposition of two
neutrino mass–eigenstates with the energy differ-
ence equal to ω21 = ∆m
2
21/2Mm related to ωEC as
ωEC = ω21/γ.
As has been pointed out in [10], a motion of the
H–like mother ion in the magnetic field of the ESR
can be the origin of the “GSI oscillations” [1]. In
this letter we investigate the influence of the mag-
netic field of the ESR at GSI making a consistent
calculation of the EC–decay rate by using the weak
interaction Hamilton operator and taking into ac-
count a motion of the mother H–like ion in the
magnetic field. For simplicity we approximate the
magnetic field of the ESR at GSI by a constant
magnetic field ~B = B0 ~ez directed perpendicular
the plane of the ESR. However, we neglect also a
possible quantisation of the energy of the mother
H–like in the constant magnetic field [11] and take
into account only the interaction of a spin of the
mother H–like ion with a constant magnetic field.
We show that such a spin–rotation coupling of the
H–like heavy ions cannot be responsible for the
periodic time–dependence of the EC–decay rates,
measured at GSI [1]–[4].
The Hamilton of the interaction of the H–like
ions with a magnetic field ~B = B0 ~ez we define as
[12]
H~B = 2
(
ae +
1
γ
)
µB~s · ~B
−
(
gI − 2Zmp
MI
(
1− 1
γ
))
µN ~I · ~B, (5)
where ~s = 12 ~σ and
~I are operators of spins of the
electron and the mother nucleus with eigenvalues
s = 12 and I = 1; ae = (ge − 2)/2 is the anomalous
magnetic moment of the bound electron with ge
equal to [13]–[15]
1
2
ge = 1 +
2
3
(
√
1− (αZ)2 − 1)
+
α
π
(1
2
+
1
12
(αZ)2 +
7
2
(αZ)4 + . . .
)
, (6)
where Z = 59 for the H–like heavy ion 140Pr58+;
gI = µI/I and MI are the anomalous magnetic
moment of the nucleus with spin I and the mass.
For the nucleus 140Pr59+ they are equal to gI = 2.5
[16] and MI = 130324.46MeV. Then, µB =
e/2me = 5.788× 10−5 eVT−1 and µN = e/2mp =
3.152×10−8 eVT−1 are the Bohr and nuclear mag-
netons [17]; γ = 1.43 is a Lorentz factor of a motion
of a H–like heavy ion in the ESR at GSI [1], the
value of the magnetic field is B0 = 1.19703T [1].
The terms, proportional to (1 − 1/γ), come from
the Thomas precession [12]. The electric charges
of the interacting particles are defined in terms of
the electric charge of the proton e.
For the calculation of the amplitude of the EC–
decays m → d + νe of the mother H–like heavy
ion m we have to use a standard weak interaction
Hamilton operator
HW (t) =
GF√
2
Vud
∫
d3x[ψ¯n(x)γ
µ(1− gAγ5)ψp(x)]
× [ψ¯νe(x)γµ(1− γ5)ψe(x)] (7)
with standard notations [18]. As has been shown
in [6], the non–trivial contribution to the EC–
decay rate of the H–like heavy ion in the ground
(1s)F= 12 ,MF±
1
2
comes from the state with the wave
function |t, (1s) 1
2 ,−
1
2
〉. This means that the evolu-
tion of the H–like heavy ion into the state d + νe
is defined by the wave function |t, (1s) 1
2 ,−
1
2
〉 only.
In the laboratory frame the evolution of the
mother H–like ion m in time is described by the
wave function |t, (1s) 1
2 ,−
1
2
〉
|t, (1s) 1
2 ,−
1
2
〉 = −e−iE(−+)m t
√
2
3
|1,−1〉|1
2
,+
1
2
〉
+e−iE
(0−)
m
t
√
1
3
|1, 0〉|1
2
,−1
2
〉, (8)
where |I, Iz〉 and |s, sz〉 are spinorial wave func-
tions of the nucleus and the electron of the H–like
heavy ion with eigenvalues I = 1, Iz = 0,±1 and
s = 12 , sz = ± 12 , respectively. The energies E
(−+)
m
and E
(0−)
m are defined by
E(−+)m = Em +
(
ae +
1
γ
)
µB B0 cos θe
+
(
gI − 2Zmp
MI
(
1− 1
γ
))
µN B0 cos θI ,
E(0−)m = Em −
(
ae +
1
γ
)
µB B0 cos θe, (9)
where Em = γMm− i 12 λm and λm is the weak de-
cay rate of the H–like mother ion in the laboratory
frame [17], θe and θI are the angles between the
z–axis and the axes of quantisation of the spins of
the electron and the nucleus, respectively. Since
in the GSI experiments the H–like heavy ions are
in the (1s)F= 12 , the spins of the electron and the
nucleus should be anti–parallel. This implies that
cos θe = − cos θI .
Using the wave function |t, (1s) 1
2 ,−
1
2
〉 the proba-
bility of finding a mother H–like heavy ion at time
t is
Pm(t; θe) = e
−λmt |〈(1s) 1
2 ,−
1
2
, t|0, (1s) 1
2 ,−
1
2
〉|2 =
= e−λmt
5
9
(
1 +
4
5
cos(ωB cos θet)
)
, (10)
where the frequency ωB is equal to
ωB =
[(
2ae +
2
γ
)
−
(
gI − 2Zmp
MI
(
1− 1
γ
))me
mp
]
×µBB0 = 1.34× 1011 s−1. (11)
Due to the factor me/mp the dominant contribu-
tion comes from the electron anomalous magnetic
moment. A period of the time modulation is equal
to
TB =
2π
ωB
= 4.70× 10−11 s. (12)
2
FIG. 1: Kinematical relations between the angles of
the axis of quantisation of spins and momenta of inter-
acting particles.
Practically, the period TB is proportional to the
electron mass. This disagrees with the experimen-
tal A–scaling of the period of the time modulation
of the H–like ions, measured at GSI [2]–[4]. Such a
period of the time modulation cannot be measured
at the present level of the experimental time reso-
lution at GSI [5]. The probability Pm(t; θe) should
be averaged over the neutrino angular distribution,
calculated in the laboratory frame and given by
dWνe
dΩm
=
1
8πγ4
1
(1 − vm cos θm)3 , (13)
where dΩm = sin θmdθmdϕm is an element of the
solid angle in the momentum space with axial axis
directed along the momentum ~km of the mother
ion. This gives
Pm(t) =
∫
Pm(t; θe)
dWνe
dΩm
dΩm =
= e−λmt
5
9
1
8πγ4
∫ 2π
0
∫ π
0
sin θmdθmdϕm
(1− vm cos θm)3
×
(
1 +
4
5
cos(ωB sin θm cosϕmt)
)
. (14)
As it is shown in Fig. 1, the angle θe is related to
angles θm and ϕm as follows cos θe = sin θm cosϕm.
Integrating over the azimuthal angle ϕm and us-
ing the integral representation Bessel functions and
the properties of infinite series of Bessel functions
[19] we get
Pm(t) = e
−λmt
(
1− 4
9
1
γ4
∫ π
0
dθm sin θm
(1− vm cos θm)3
×
∞∑
n=1
J2n(ωB sin θmt)
)
, (15)
This shows that the interaction of the mother H–
like heavy ion with the uniform magnetic field of
the storage ring cannot provide a time–modulation
of the EC–decay rate, observed at the experiment
[1].
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